We report 628 GHz and 1.20 THz pulse repetition frequencies with 142 mW peak powers from a passively mode-locked side-wall SGDBR laser integrated with an SOA, demonstrating high reproducibility, controllability and a wide operation range.
All results were measured from the SOA output facet. Pure ML operation at around 640 GHz pulse repetition frequency was observed for a large range of laser bias parameters: IGain varied from 40 mA to 290 mA, VSA from 0 V to -3.0 V, IDBR from 0 mA to 20 mA (below the Ith of the SG-DBR section), and ISOA from 0 mA to >300 mA. When IGain was increased to >294 mA or |VSA| was decreased to -2.4 V, ML operation at the second harmonic frequency of Fr ~ 1.20 THz was observed. Fig. 2 (a) shows the 2D optical spectra for a range of IGain from 0 mA to 300 mA when VSA = -3.0 V, ISGDBR = 0 mA and ISOA=300 mA. The optical spectrum with IGain = 288 mA is shown in Fig. 2(b) . The central wavelength was 1570 nm with a channel spacing of 5.16 nm and a 3 dB bandwidth of 7.44 nm. The measured channel spacing corresponds to a mode-locked frequency, Fr, of ~628 GHz. The measured AC trace is shown in Fig. 2(c) . The average period of the measured emitted pulse train was 1.59 ps, which also corresponds to an Fr of 628 GHz. The pulse width was 0.50 ps, assuming a sech 2 pulse shape. The time-bandwidth product (TBP) of the pulse is equal to 0.45. The average output power was 51.5 mW, with a corresponding peak power of 142 mW. Fig. 3(a) shows 2D optical spectra for a range of IGain values from 0 mA to 300 mA when VSA = -2.4 V and ISG = 0 mA. An evolution to HML can be clearly seen at IGain > 294mA and the optical spectrum at IGain = 300 mA is shown in Fig. 3(b) . The central wavelength was 1567 nm with a channel spacing of 9.6 nm and 3 dB bandwidth of 9.53 nm. The spacing of the peak wavelength of the adjacent channel was nearly double that shown in Fig. 2(b) . The measured AC trace is shown in Fig. 3(c) where the average period of the measured emitted pulse train is 0.83 ps, which corresponds to an Fr of 1.20 THz (approximately the 2 nd harmonic). The pulse width was 0.28 ps, assuming a sech 2 pulse shape. The TBP of the pulse is equal to 0.33. The average output power was 54.4 mW with a corresponding peak power of 142 mW.
In conclusion, we have demonstrated both 628 GHz and 1.20 THz optical pulse generation with peak power of 142 mW using a 1.5 μm range AlGaInAs/InP side-wall SG-DBR MLL integrated with a SOA. The sampled gratings provided a high finesse optical frequency filtering, creating a comb of lines separated in frequency by the desired mode-locked frequency (or for 2 nd harmonic operation, at half the mode-locked frequency). These high power LDs are expected to open up many opportunities for future compact THz applications. 
